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Time-compressed speech is now being used to present recorded lectures to
groups at word rates up to two and one-half times that at which they were originally
spoken. This process is particularly helpful to the blind. This study investigated the
intelligibility of speech processed with seven different discard intervals and at seven
rates from two to five hmes the original. Optimal parameters for processing speech at
each of the rates are reported along with a comparison of intelligibifity rendered by
three different modes of presentation. Headphone presentation was found to be
about 227 more intelligible on the average than presentation by loudspeaker. The
commercial equipment available for processing time-compressed speech varies the
sampling interval but maintains a constant discard interval. The findings indicate that
the sampling interval should be held constant for rates two to five times normal. A
sampling interval of 15 rnilbseconds was found to be optimal at all rates for a
low-pitched man's voice. A higher pitched woman's voice_ would require an even shorter
sampling interval. Processing and presenting time-compressed speech using the
optimal parameters reported here should promote greater comprehension as well as
intelligibihty at all rates, intelligibility being a necessary prerequisite for comprehension.
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PREFACE

The following report was originally given as a

paper, the 18th of 20 presented at the Library of Congress

Conference on Time Compressed Speech, held at the Uni-

versity of Louisville, Kentucky, October 19-21, 1966.

It was subsequently published as Chapter 18 (pgs. 126-

148) in Foulke, E. (ed.), The Proceedings of the Louis-

ville Conference on Time Compressed Speech, May, 1967,

Center for Rate Controlled Recordings, University of

Louisville, Kentucky. Since it was presented toward the

end of the Conference, the explanation of the process of

time-compression and definitions of terms was not included.

The reader who is interested in this si.Ocess is urged

to refer to the complete Proceedings, which are available

at $2.00 from the Un:;_versity of Louisville, or from

ERIC. A much more detailed descrittion of thc two studies

contained in this report is aVailable in Cramer, H.L.

The Intelligibility of Time Compressed Speech, unpublished

doctoral dissertation, Harvard Graduate School of Education,

Cambridge, Mass., 1968.
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The Intelligibility Of Time-Compressed Speech

Time Compression Process

If we make a magnetic tape recording of speech at 7 .1/2 inches per second

(ips.) and play it at 15 ips., it can be heard in half of the original time in

which it was recorded. All the frequencies double, however, giving a high pitched,

so-called "Donald Duck" effect. Speech so processed and played back is rather

unpleasant and practically unintelligible. With the development of magnetic

tape recording, it has become possible to halve play back time by another method

without the attendant frequency shift of the speeded-up play back. This other

method involves cutting a tape recording every one quarter of an inch from beginning

to end, and discarding alterffate pieces. The remaining pieces are then spliced

together to make a reconstituted tape that is half the length of the tape as

originally recorded. The play back of a tape processed by this chop-splice method,

will sound normal however, as far as the pitch of the speaker's voice is concerned,

although it will obviously sound as though words were spoken rapidly.

Garvey and Henneman (1950) Investigated word intelligibility of speeded.

speech.produced by this chop-plice method. Garvey (1953) reported that the

intelligibility remains high, above 90 per cent, at a word per minute rate 2 and

1/2 times the original recording. Garvey further reports'(1965) that after

completing his thecis with the ;hop-splice method that he never wanted to see another

tape or splicer; and it is fortunate for researchers that Fairbanks, Everitt, and

Jaeger (1953, 1954, 1959) developed an electro-mechanical system for automatically

discarding segments of speech from a recorded tape. Their system uses four playback

heads mounted in a rotating drum to scan a magnetically recorded tape. The effective

time length of each speech sample scanned and retained Is equivalent to the speech

time on each pdece of tape spliced together in the chopsplice method, and is called

the sampling interval. This sampling interval is determined by the revolutions

per minute of the rotating hecd assembly. The time length of each speech sample

eliminated is iikewise's1milar.to the speech time on each piece of tape discarded

in the chop-splice method, and is called the discard Interval. The discard interval

is determined by the speed of the magnetic recording tape around the rotating head

assembly. The output of Fairbanks' system Is thus equivalent to the output produced

by the chop-splice method.

Iraelagbility. Measurement

Previous studies dealing with the intelligibility of time-compressed speech

have used phonetically balanced spondaic-word lists (lists of two syllable words

with equal stress on each syllable, eg. horseshoe). (Fairbanks and Kodman 1957).

A restricted list of fifty words is presented after time hat; been allowed for the

listener to familiarize himself with the words In the list, both by studying the

written liSts, and by hearing the list In order while reading them. The lists
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are then presented many times in different randomized orders. There is no known

previous investigation of the intelligibility of time-compressed vicirds in context.

Fairbanks, Guttman, and Miron (1957) investigated comprehension of compressed

speech by using 1500 word technical passages presented at high word-per-minute (wpm)

rates,* tested by multiple choice type questions. However, it was not clear which

of three possible causes might be attributed to a wrong answer: (1) the subject

did not hear every speech sound because the length of the discarded sample was so

long that whole sounds were dropped; (2) the distortion introduced by the

interruption frequency of the compression equipment was interfering with the signa:;

or (3) there was a problem in perceiving at a rapid rate (i.e., difficulty in

cognitive processing). Unfortunately, this work was done only with a discard

interval of .02 seconds. The only speech compression apparatus commercially

available is the Eltro information Rate Changer manufactured by Telefonbau and

Normalzeit, Frankfurt-am-Main, Germany. This equipment uses a .04 second discard

interval at all compression ratios, and cannot be altered. Tests run to determine

the comprehension of speeded speech by both blind pupils (Bixler, Foulke, Amster,

& Nolan, 1961, Foulke and Bixler, 1963 & 1964, Foulke, Amster, Nolan, & Bixler,

1962) and sighted pupils (Orr and Friedman, 1964, Friedman, Orr, Freedle, and

Norris, 1966, Friedman, Orr, and Norris, 1966, Voor, 1962, Wood, 1965) used this

equipment for compressing their materials.
Fairbanks and Kodman (1957) tested word intelligibility.as a function

of time compression. Their curves suggest that the optimum rate of interruption

and length o discard interval is not a constant for all compression ratios. At

compression rates up to 75%, a discard intervdl of .01 sec. appears best; at 80

to 85%, .06sec., but at 90%, .05 sec. When listening to connected discourse, a

person has cues to the words from both the context and the grammar of the sentences

(Miller, Heise and Lichten 1951, Goldman-Eisler, 1958 and 1961, Pollack 1964, Miller

1962, and Savin 1963.)
The research reported here attempts to test the middle ground between

word intelligibility of words in isolation and comprehension of long passages by

testing the word intelligibility of short sentences. This research was done in

two parts, the first being a pilot study to see if a difference of 15 to 30

milliseconds (ms.) in the time of presentation of sentences to the two ears would

improve the intelligibility of time-compressed speech. The second part was the

main study and deals with the intelligibility of the same passages used in the

pilot study. These were presented at seven different compression ratios, each

processed with seven different discard intervals. The passages used were from

the Harvard Psycho-Acoustic Laboratory (P.A L.) Auditory test no. 12, (Hudgins,

et al., 1947) which consisted of seven passages of 28 questions each. The P.A.L.

Test passages were preceded by the following introductory passage which was used

to help motivate the students and also to allow a gradual increase of speech rate

to approximately the starting rate of the lists. Here i.s the introductory passage

and the first ten sentences.

This is an experiment to determine the intelligibility of speeded

speech. You w ill hear a passage, which has been specially processed,

in less time than it took the reader to read it. Even these instructions

to which you are now listening have been speeded by 20% as compared

with the original The reader's voice sounds normal, however, rather

than high-pitched, as it would if a phonograph record of it were being

played at a hijher speed than that at which it was recorded. Speech

processed in this manner is already being used to present material to

.11
*Since the average length of words may vary,,Carroll (1964) proposes

that the syllable-per-minute rate would perhaps be a better measure, with the

speed of 265 syllables-per-minute as the average rate of normal speech production.
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t.

blind persons at rates up to 475 w.p.m. A norMal speaking range

varies from a low 125 w..p.m. .to a rapid 200 w.p.m. or more. The

blind high school student averages only 90 w.p.m. when reauing'brailic

while the average sighted high school student reads books at 200

w.p.m. Some blind people using both hands simultaneously to read

braille can reach reading speeds as high as 225 w.p.m. However,

this is exceptional, and less than 10% of the blind learn to read

braille ac all. This experiment is designed to test the intelligibil

of compressed speech at rates up to 800 w.p.m., increasing by

increments of 50 words per minute over a series of seven passages. I

is contemplated that the results of this study will lead to improved

methods of presenting verbal material to the blind. It also seems

.
that such rapid speech can be useful in presenting tape recorded

reviews of lectures at rates so high that the 50 minute lecture can

be heard in as little as 10 to 12 minutes.

The follbwing passages are from the Psycho-Acoustic Laboratory Test

Number 12, published by Harvard University.

List Number 1

1. In what country is Chicago?

2. What letter comes after Y7

3. What is the color of grass?

4. What number comes before 7?

5. What part of the body do you write with?

6. What comes out of a kitchen faucet?

7. What number is bptween 8 and 10?

8. Which is wetter, water or sand?

9. Do you dig holes with a shovel or a rake?

Methods

For the pilot study this tape was presented by means ol- earphones to

Radcliffe students, who heard it from seven different tapes, each in the same

ascending order of compression, starting at 50% compression, (494 syllables pc

minute or) 398 words per minute, with a 1.24 syllable-to-word ratio. The sub_

were screened to eliminate any who had more than 5 decibels hearing loss in e

ear or more than 3 decibels difference between ears using the Central Institu

for the Deaf (CID) Auditory Test W-2. (Davis, et al., 1964, pg. 535)

This pilot study which preceded the main study was performed to dete

whether there was any difference in intelligibility when the speech was delayq

one ear by seven differert amounts including zero delay. Table 1 shows the cll

for this study. Table 2 shows the amounts of delay which were obtained by ad

of a micrometer head. A playback head was attached to the micrometer so that

head could be moved along the tape on which the passages were recorded. The

4
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TABLE 1

Latin Square design for the Pilot Study showing distribution of passages from

the P.A.L. Auditory Test No. 12. Each subject heard 7 passages as shown in

each row, in ascending order of compression ratios. All passages were compressed

at .035 sec. discard interval.1

Speed_up Factor 2.0 2.331 2.67 3.0 3.33 3.67 470

omoression Ratio 50.00 57.15 62.40 66.60 70.00 72.75 75.00
987v1lables/min. 494 576

I
658

j
740 822 905

ords/min. 398 464 531 1 597 663 730 796

Tape Subjects

umbers Numbered

1 01-07 2 3

2 08-14 4 8 7 2 5 3 6

3 15-21 8 2 6 3 7 5

22-28 7 6 3 4 2 8 5

29-35 5 7 6 8 4- 3

6 36-42 3 5 k; 7 4 6

7 43-49 6 4 5 8 3

Each Tape (numbered 1-7 ) was played 7 times. The first subject hearing each tape

had the same material presented at the same time ih each ear. Each of the six sub-

sequent subjects to hear each tape had the material alterwately delayed at one

ear (alternately right and left on every question). The seven amounts of delay,

including zero delay, were as follows:

TABLE 2

Amount of delay for each of the 7 conditions in the Pilot Study--- ....

Delay Condi ion No.

& Subjects I4urnber

for Table number 1

1 2 3 4

______

5

______

6
..._

Delay in Milli- 0.0 0.5 1.0 4.0 7.5 15.0 30.0

seconds ........-

icrometer Head 0 .00375 .00750 .03000 .05625 .11250 22500

Settins in Inches ,....._

1 Reader averaged 199 words/min. or 247 syllables/min. across 7 lists

for a syllable-to-word ratio of 1.24.
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was calibrated in 10 thousandths of an inch to allow pre-
cise settings. A,special channel switch was constructed
which was activativated by a voice key so that the
delayed presentation was automatically changed from the
right to the left ear for every other sentence. Figure 1
is the block diagram of the instrumentation used for
presentation of the compressed speech to the students.

Results and Findings
An IBM card was punched for each page of each

subject's answer booklet. Each sentence was punched as
0 if wrong or 1 if correctly answered. The last two
columns of the card contained the total number of the
28 sentences in each list which were correctly answered
with no corrections for guessing The dependent variable
for the analysis of variance (ANWA) was the raw score
for each individual on each list This IBM format for
punching the scores allawed pooling of the data by means
of list numbers, amount of delay, and compression ratio.
The following table .(Table 3) shows the results of
analysis of variance.

TABLE 3-3

ANALYSIS OF VARIANCE.TABLE

Source

Degrees
of

Freedom
Sums of
Squares

Mean
Squares

F
Ratio

I (list) 6 253.6289 42.2715 22.80'

J (delay) 6 43.2598 7.2100 3.88

K (compression
ratio) .6 3822.5254 637.0876 344.0*

I x J 36 66.8066 1.8557

I x K 36 239.8320 6.6620
J x K 36 121.3457 3.3707
IxJxK 216 962.0313 4.4538

Total 342 5509.4297

*F = 3.90, significant > .001
**F = 3.535, signiiicant > .0025

5
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Pilot Study

6



It had been originally hypothesized that a delay in one direction m;ght

be helpful for some students, while thecpposite direction might be detrimental.

It was thought that the direction of favorable delay if found, might have a

relationship to the handedness of the individual, as the speech center in the

brain is generally in the opposite cerebral hemisphere from the motoi control

center (Kimura, 1961a, 1961b, 1963, 1964). The results showed no significant

differences in intelligibility as measured by the P.A.L. Test between even and

odd items delayed to the left and right ears respectively. This negative finding

does not, of course, preclude the possibility that there may be differences not

detectable with this technique. Figure 2 shows the results of the pilot study

for the 5th delay condition of 7 1/2 milliseconds (ms ) which was the major effect

found (Cramer, 1965). All of the amounts of delay other than 30 ms. (which produced

speech less intelligible than that produced by no delay) showed a slight increase

in Intelligibility over the no delay condition It should be obvious that when

the intell;gibility is near 100%, little.can be done to improve it In other words,

speech has to be somewhat unintelligible in order for an inter-aural (difference

in time of) presentation to facilitate an improvement

This writer has named this increase in intelligibility produced by delaying

the speech at one ear the binaural redundancy e-Hect. Figure 3 shows this effect

when plotted as a curve The sharper drop of the curve at 7 1/2 ms. than at

15 ms, raises the speculation that the maximum effect would occur aTound 10 ms

as shown by the dotted line This happens to be the average pitch period of the

voice of MT. Paul Clark, the reader of the passages The binaural redundancy

effect suggests that the brain of a listener is able to correlate the inputs to

his ears. Figure 4 shows an oscillograph tracing of a vowel sound It will be

noted that success've pitch perioJs are hilghly similar. When we displace one

tracing on the other by the amount of one pitch period (Figure 5) the match is

excellent
Incidentally, it has come to our attention that the Air Foice has contracted

with Melpar, Inc in Falls Church, Virginia, to test the 2ffect of delaying speech

to one ear to improve the intelligibility of normal speech in the presence of

noise (Reddinger 1966). It voas found Lhat a 7 1/2 ms. inter-aural difference

in time of presentation of a voice signal allowed the 'introduction of almost

twice as much noise as normally present w;th no loss in intelligibility.

In the main study the same passages were read by the same speaker, with

the same introductory passage. However, since speech became seriously distorted

only at the 75% compress'on ratio (equal to 4 times normal or 987 syllables per .

minute or 796 words per minute). it was decided to drop the 50% compression ratio

(twice normal speed, 499 syllables per minute or 398 words per minute) from the

study and start with a compression ratio of 57.19 (2:33 times normal speed, 576

syllables per minute, or 464 words per minute). The next rate was then omitted

as used in the pilot study, namely, 62.4% compression (2.67 times normal speed,

658 syllables per minute or 531 words per minute) This allowed the addition of

two higher rates at the end of the series, beyond the compresion ratio of 75%

(4 times normal speed) used in the pilot study. Each of the seven passages at

seven compression ratios was then processed at seven different discard intervals

7
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from 10 to 95 ms. The design for this part of the study is shown in Tables 4

and 5.
This design was used to determine the optimal discard interval for

maximal intelligibility of ,peech at each of the seven rates shown in table

number 3. Also to be tested was whether a 10 ms. inter-aural time difference

of presentation would significantly improve intelligibility. A third.condition,

the use of a loudspeaker in a large reverberant classroom was also to be tested.

Voor (1962) expressed concern that the rapidity and short duration of

each speech sound in highly compressed speech could cause a masking by reverberation

when such sounds are presented by means of a loudspeaker in an ordinary classroom.

To avoid this possibility, he presented all his material by means of earphones.

Orr and Friedman (1964a, 1964b, 1964c), Friedman, Orr, Freedle, & Norris, (1966),

Friedman, OrG & Norris, (1966) used loudspeaker presentation, however, because

they felt it represents a closer approximation to what is practical in the

typical classroom. The equipment was set up aS shown in Figure 6.

In the pilot study, the answers given by each suudent were scored as

either right or wrong for each question by the cori-espodence to the correct

answers as published with the P.A.L. Test Number 12. There were a few modifications

necessary, for instance the question, "How many states are there in the Union?"

is now correctly answered by 50 rather than 48, and the color of 're cloth on a

pool table is not always green today, decorators having entered the field. In

one case the question, "Which is larger, a dog or a horse?" was misread "house",

so that house had to be allowed as a correct answer. There were several questions,

however, where an answer could be given without assurance that the question was

correctly perceived. Such an example is "What do you use to unlock a door?"

The answers included key, knob, and hand. The latter answer could also have

been given if the subject thought the question was, "What do you use to knock

a door?" (Asher, 1958). Because of such uncertainties, in this final part of

the study, subjects were asked to write each utterance as they heard it, rather

than answering the question as done in the pilot study. Their responses were

then scored on a word-for-word basis. At first a syllable-for-syllable scoring

basis was proposed. When we found responses such as "Which is Dr. Michael Day?"

for the question "Which is darker, night or day?", "Does California grow the

orange?" for the question, "Does a cow have kittens or horns?" and "What is

a Catholic worth?" for "What does a cat lick with?", it became obvious that

such scoring would give spuriously high scores, even when the response bore

little relation to the original in meaning. We did allow plurals for singulars

and "come" for "comes" and vice versa.

The additional time required for subjects to write what was heard would

have lengthened the test time to more than one and one half hours, therefore, each

list was cut in half arbitrarily. When the sheets were all collected and scored,

the data were first plotted by discard interval. It appeared that something

peculiar was occuring when the curves were plotted with intelligibility versus

discard interval (as in Figures 7, 8, & 9). Because of the shapes.of the tails

of the curves and the shift of the optimum points to the right as the speed

increases the intelligibility was then plotted as a function of the sampling

interval. When the raw data were fitted by a least squares solution for a cubic

equation, we obtained the smoothed curves shown in each case (Figures 10, 11,
.

and 12). The broken line shows the raw data.

It will be observed that the optimum points (highest intelligibility point

on each curve) indicated by arrow heads lie nearly in a straight line from top to

bottom, showing that the optimum is a function of the sampling interval rather than

the discard interval.. Fairbanks was a phonetician and was concerned with the

11



TABLE 4

Latin Square Design for the Main Study showing order of PAL
listi 2-8, Renumbered 1-7 respectively for this study.
Blocks B to G were arranged by permuting the numbers in
each cell as designated by 'Winer (1962, 1965),

Block A

Tape Seies
A-1 to A-7

List numbers as announced on the tape
heard by students

I
d

= 1U .P16.`

1 2 3 4 5 6 7

Compression
Ratio 57.15 56.67 70.00 72.75 75.00 76.90 78.57

Syllables/min.
.

Rate 576 740 822 905 987 1069

862

11152

Words/min. Rate 464 597 663 730 796 928

Speed-up Factor 2.33 3.00 3.33 3.67 4.00 4.33 4.67

Tape2
Number

Subjects3
Numbered

7 1 2 3 4 5A-1 01-03 6

A-2 04-06 1 5 4 6 2 7 3

A-3 07-09 5 6 3 7 4 2 1

A-4 10-12 4 3 7 1 6 r
.., 2

A-5 13-15 2 4 6 3 5 1 7

A-6 16-18 7 2 5 4 1 3 6

A-7 19-21 3 1 2 5 7 6 4

The.above numbers are PAL Auditory Test
*12, Lists 2-8, renumbered 1-7 respect-
ively04

1The list numbers for each subsequent block from A
as shown here to block G were cyclically permuted by increas-
ing the passage numbers in block A by 1, except that nuMber
7 became 1 as each was.changed to render the next block in
alphabetical order (See Appendix G pg. 215 for complete
explication of Blocks A through G).
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TABLE 4 footnotes--(continued)

2Each tape was heard by. three subjects: the first

with' headset and interaural time delay, the second mono-
phonically with headset, and the third by means of loud-

speaker in a revetberant classroom.

3,The subject numbers for each row of each subsequent

block after A were increased by 21 so that sdbject nuMbers

for tape B-1 would start 22, 23, etc., and tape C-1, 43, 44,

etc.

4Reader averaged 199 WPM or 247 syllables per minute

across 7 lists for a syllable-to-word ratio of 1.24.

TABLE 5

Discard Intervals for Tape Series A to G with 7 tapes in

each series designation.

Tape Series
Designation

A B C D E F G

Discard Interval
in Milliseconds

10 20 35 50 65 80 95

Listened to by , 106- 127-

Subjects Numbered 1-21 22-42 43-63 64-84 85-105 126 147

13
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redundancy of phonemes. He was interested in seeing how much could be discurded

and still have intelligible speech, and therefore he plotted his curves as a

function of the discard interval. From a perceptual point of view, however, it

should be obvious that the listener has no knowledge of what has been deleted,

and can only perceive what 13 present. When thc optimum sampling interval at

each compression ratio is examined, it can be observed th--..t approximately 15 ms.

is the optimum sampling interval for every compression ratio This, incidentally,

is what is required to insure that, on the average, there is at least one complete

pitch period of the voice in each sample of speech.

In veiw of all the work being done with The Harmonic Compressor (Golden,

1966) and the Haskins Pattern play back equipmcmt (Cooper et al., 1951 & 1952,

Delattre et al., 1956,,Liberman et al., 1957)where pitch periods are not considered,

it seemed somewhat puzzling that the pitch period appeared so important. At

first, it seemed that this might be a coincidence. However, the delay to one ear

did seem related to pitch periods, and it is fairly easy to understand the rationale

for this.
During the past summer, some very short sampling intervals less than

a pitch period, were derived by means of the Adage Ambilog 200-Hybrid Analog-

Digital computer, (Grandi'ne and Hagan, 1965). With Fairbanks' compressor, it is

not possible to get samples shorter than a pitzh period except at very s; )rt

discard intervals of 10 ms. and at rates above 50% compression. For such conditions,

Fairbanks & Kodman (1957) complained that the frequency of interruption obtruded

on the first formant of the speech frequencies From our work, it appears that

samples of a half a pitch period will simply double the pitch of the voice so

processed, just as one can do by playing a recording of a voice at twice normal

speed. All these findings tend to indicate th-6t speech is procesed mentaliy

over theperiod of a pitch period, and the pitch that is perceived is determined

by the length of time between fundamental cycles irrespective of half periods

added to a fundamental. A soprano voice will have almost twice the number of

pitch periods in a given time as an average male. This has led telephone engineers

to comment that women convey half as much information in a given time as men,

because their voices are twice as redundant. However, short wave radio stations

capitalize on this, because a woman's voice has twice as many chances (twice as

many pitch periods) to get through static intact as a man's voice. In view of

this phenomenon it would seem that a woman's voice might be expected to be more

intelligible when compressedsat high ratios, because twice as many pitch periods

can be discarded, leaving an equal number to be perceived as with the average

male voice. Comparisons made by Foulke, et al., (1962) and others have found

that the speaker you have heard on our tape was the most comprehensible, when

compressed, of a number of speakers including both men and women. Our research

suggests at least two reasons for this.

When the pitch period,record of the voice of our speaker was examined

it was found that in twenty-five vowels sampled, his fundamental frequency never

went below 95 Hertz* (cycles per second) nor above 105 Hertz. This is ± 5%

variation. A similar study of Vice-PresidekHumphrey's voice, however, gives a

range from a low of 112 Hertz to a hi.gh of 187 Hertz, + 25%. His voice does not

compress well.
The women who read for the American Printing House for the Blind are quite

dramatic in their voicing, and consequently have a very large dynamic pitch range.

-;;Hertz is the new designation for cycles per second proposed and used

by the American Institute of Physics.
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These are the readers used by Foulke et al., (1962) and others. For the Totating

head type of compression, using a-periodic discard, it would seem that a woman

with a high-pitched voice but liinited dynamic range would give superior results.

Earlier it was mentioned that this research has suggested two reasons

why previous research has found a low-pitched man's voice superior to any of

several women's voices. The first reason was that no known study has included

the voice of a woman with a nar.-ow dynamic pitch range. The second reason is

that the current sys;.em for compressing speech, namely the rotating head assembly

of the Tempo Regulator, has a fixed discard interval of 40 ms., regardless of the

compression ratio, Thls means that at 50% compression, or 2 times the normal

rate the sampling interval is likewise 40 ms., almost 3 times the optimum for

a low-pitched man's voice, but seven to nine tip-s the.optimum for a high-pitched

woman's voice. What is needed is a compressor that has the features of automatically

adjusting the samplIng time leng-th to the optimum sampling length of the voice

being processed. Rather than a strictly periodic devi9e, what seems needed is

a pitch-synchronous model such as those that recently Patented by Denis Gabor

(:950) (1965). His speech compressor has 8 different sampling intervals within

an octave, with automatic switcning to match the optimum sample length. With

such equipment it should be posible to achieve improved intelligibility at higher

compression ratios than is now possible, and consequently, a higher percentage

of comprehension. Figure 13 shows the sampling Interval of the tempo regulator

at each speed-up ratio from 10% to 50% compression ratio.

The data were plotted from the optimum points, indicated by arrow heads,

in Figures 11 and 12 as intelligibility versus word-per-minute rate in Figure 14.

Superimposing Figure 2 from the Pilot Study on Figure 14 of the main

study renders Figure 15. The differences in the intelligibility of the two.studies

reflect the lower intelligibility scores when the P.A.L. is scored by a word-for-

word basis rather than by correct answers.
In concluding it should be made clear that the intelligibility at the

high word rates reported in this research does not by asny means infer that comprehension

of long connected continuous discourse can also be obtained at comparable rates.

Continuous passages have also been processed at the optimum rates for maximum

intelligibility, and at about 2.5 times normal (70% compression) they become

meaningless, even though some words are intelligible. This is probably due in

part to lack of time for cognitive processing. It is also due to a "double-

take" effect; that is, one word is transformed into another, for example, the

word "thriving" is heard as "fighting" at 2.5 times normal speed. This appears

due to the./th/ being confused for an /f/ when the /r/ in thriving is clipped

short, and the /v/, when clipped short, sounding like a /t/. In a long continuous

passage, such a confusion can interfere with the comprehension of subsequent

sentences presented at a rate two to three times normal. It would seem that

such a confusion is analogous to the confusion resulting from losing one's place

while watching a rapidly paced reading film.
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